Background: Cognitive dysfunction has been increasingly recognized in chronic kidney disease (CKD) patients. Senile plaques are important pathophysiological characteristic of cognitive dysfunction. The major component of plaques is the amyloid β (Aβ) peptide released from proteolytic cleavage of amyloid precursor protein (APP). Plasma Aβ has been a focus of the growing literature on blood based biomarkers for cognitive dysfunction. Oxidative stress is prevalent in CKD and it plays an important role in cognitive dysfunction. Increased oxidative stress leads to cause cleavage of APP and Aβ production. The aim of this study is to assess the antioxidant status and Aβ 42 levels in plasma of CKD patients with cognitive dysfunction compared to CKD without cognitive dysfunction. Methods: A total of 60 subjects divided into 30 CKD without cognitive dysfunction and 30 CKD with cognitive dysfunction based on neuropsychological assessment tests. To compare antioxidant status and Aβ 42 levels in plasma, the following groups such as healthy subjects (n = 30), normocytic normochromic anemia (n = 30) and Alzheimer's disease (AD, n = 10) patients were also maintained. Plasma Superoxide dismutase (SOD), Catalase (CAT), Glutathione peroxidase (GPx), Reduced glutathione (GSH) and lipid peroxidation (LPO) were determined by spectrophotometrically. Aβ level was determined by immunoblotting method. The parameters were statistically compared with healthy, normocytic normochromic anemia and AD subjects. Results: Like AD subjects, significantly increased Aβ and LPO level while decreased SOD, CAT, GPx and GSH levels were observed in plasma of CKD patients with cognitive dysfunction when compared to healthy, CKD without cognitive dysfunction and normocytic normochromic anemic subjects. Conclusion: Results suggest that elevated plasma oxidative stress and Aβ were seen in CKD patients with cognitive dysfunction may be attributed to pathological changes within the brain.
Introduction
CKD is a rapidly growing global health problem, with a prevalence of 15% in developed nations. It causes many complications such as anemia, pericarditis, cardiovascular disease, etc. [1] Anemia is a common feature of CKD and it is typically normocytic, normochromic and hypoproliferative [2] . Many studies demonstrated that CKD is associated with uremic encephalopathy and cognitive impairment. Cognitive impairment is reported to be as high as 20-40% in CKD [3] . Increased risk of dementia [4] , and poorer performance on tests of global cognitive function, executive function, defects in language and memory [5] have been reported among CKD patients and compared to general population, CKD patients are at double the risk of developing dementia and/or cognitive impairment and studies show it has evolved as a possible new determinant of cognitive decline and dementia [6] . Dementia is a primary neurodegenerative disorder and it leads to a complete psychological and physical dependency and finally to death within one to two decades. It involves aberrant protein processing and is characterized by the presence of both intraneuronal protein clusters composed of paired helical filaments of hyperphosphorylated tau protein (Neurofibrillary tangles, NFT) and extracellular amyloid β (Aβ) protein aggregates (Senile plaques) [7] . Aβ is a 39-43 residue protein with a molecular weight of~4 KDa. It is derived by proteolytic cleavage of an integral membrane protein known as amyloid precursor protein (APP) by the action of β-and γ-secretases [7] .
Proteomics is a rapidly expanding field of research, which aims to characterize the protein expression in biological fluids and tissues under certain conditions. Protein expression is a very dynamic process that, in contrast to the genome, may change profoundly during disease conditions. A biomarker is an abnormal signal from a bodily fluid or tissue that can provide distinguishable pathological information for a patient. Studies show blood Aβ is an attractive biomarker of dementia and Alzheimer's disease (AD) for the well-characterized efflux mechanism to pass the blood brain barrier (BBB); the low-density lipoprotein receptor-related protein-1 in BBB allows brain Aβ to be actively transported to blood. The increased Aβ levels in blood may in turn result in a stronger Aβ accumulation in cerebral region, which reinforces neuronal degeneration [8] . Plasma is the liquid portion of blood that suspends cells such as red blood cells, white blood cells, and platelets and studies demonstrated that quantification of plasma Aβ is considered as an emerging diagnostic tool for cognitive dysfunction and dementia [9] [10] and it has received strong interest as a reliable biomarker of neurodegenerative diseases, since blood sampling is much less invasive as lumbar puncturing that is currently required for CSF Aβ measurement [8, 11] . Study shown increased plasma Aβ42 peptide levels are associated with earlier onset of AD and increased threat of death [12] . Plasma Aβ levels are elevated and mainly incorporated into lipo-proteins and different plasma proteins [13] and also, high plasma levels of Aβ fragments associated with AD when they accumulate in the brain [14] . Increased levels of plasma Aβ have been reported in AD mouse models also studied [15] .
Oxidative stress is a state of imbalance between free radicals production and its degradation by antioxidant systems with increased accumulation of the radicals. Cellular stress response requires the activation of pro-survival pathways that, under control of defensive genes called vitagenes result in the formation of molecules such as heat shock proteins (HSPs), glutathione and bilirubin capable with antioxidant and antiapoptotic actions [16, 17] . Antioxidants are known to dispose, scavenge, suppress the formation of ROS or oppose their action. An important endogenous antioxidant in human is reduced glutathione (GSH), a sulphydryl containing tripeptide (gamma glutamyl cysteinyl glycine) which plays a central role in the defense against oxidative damage and toxins. It serves as a co-factor for GPx and glutathione Stransferase (GST) and can react directly with hydrogen peroxide, super oxide anion, hydroxyl and alkoxyl radicals by its free sulphydryl groups. When present extracellularly, GSH is able to react directly with cytotoxic aldehydes produced during lipid peroxidation. A decrease in the GSH content below the normal level may indicate the disturbance of cellular redox status and change in the redox dependent regulation of genes. A decrease in GSH subjects the cell to the risk of oxidative damage. It has been shown that disturbance in the regulation of GSH level is observed in a wide range of pathologies such as cancer, neurodegenerative diseases, mucoviscidosis, and HIV infection.
Oxidative stress is prevalent in CKD patients and is considered to be an important pathogenic mechanism. Study suggests that the neurotoxic properties of Aβ are mediated by oxidative stress. Oxidative stress is thought to be a key factor in the pathogenesis of AD and mild cognitive impairment [18] . Studies also shown oxidative stress and Aβ production are proportionally linked to each other because Aβ induces oxidative stress in vivo and in vitro [19] and oxidative stress increases the production of Aβ [20] . Based on literatures, till now there is no study on the level of plasma Aβ expression and its association with enzymatic (SOD, CAT, GPx) and non-enzymatic antioxidant (GSH) system in CKD patients with cognitive decline when compared with CKD without cognitive decline. The aim of this study is to determine whether the plasma Aβ expression was also altered along with antioxidant status in CKD patients with cognitive dysfunction and dementia.
Materials and methods

Chemicals
The chemicals and reagents to estimate enzymatic and nonenzymatic antioxidant system were purchased from Himedia and Sisco Research Laboratory (SRL), India. Primary antibodies such as Rabbit Anti Beta Amyloid (1-42) polyclonal (bs-0107R, BIOSS, USA) and Rabbit Anti beta actin polyclonal (bs -0061R, BIOSS, USA) were purchased from BIOSS, USA, used to detect Aβ and β actin expressions in plasma by Western blot technique. Suitable secondary antibody, Goat Anti Rabbit IgG Antibody (H + L), HRP conjugated was also purchased from BIOSS, USA.
Participants
This study was carried out in Department of Nephrology, SRM Medical college Hospital, SRM University, Kattankulathur, Tamilnadu, India and approved by Institutional ethical committee (Clearance No. 58/IEC/2010, SRM Medical college Hospital and Research Centre, SRM University, India).
Inclusion criteria
Patients who have been diagnosed to have CKD by the nephrologists in SRM Medical college hospital and either the patient or his relatives who had given informed consent for the study. A total of 60 CKD (Stage V, Age 20 to 50) patients comprising of 30 CKD without cognitive dysfunction and 30 CKD with cognitive dysfunction based on standard neuropsychological assessment tests i.e. Mini Mental scale examination (MMSE), Wechsler memory scale (WMS I) and Tower of London test were included for this study. Separate healthy subjects were also maintained (n = 30) ( Table 1) .
In this study, to compare the plasma Aβ expression and antioxidant status with CKD patients with and without cognitive dysfunction, we also collected blood samples from Alzheimer's disease (n = 10) and Normocytic normochromic anemic patients (n = 30). Studies shown anemia in most of the CKD patients is normocytic and normochromic type [2] .
Exclusion criteria
Patient previously diagnosed with Uraemic encephalopathy, Type 1 diabetes mellitus, Malnutrition, Thrombocytopenia, Cerebro Vascular Accident (CVA), patient or relatives who refused to give consent to the study and patient who were dangerously ill and who had very poor medical condition were also excluded.
Neuropsychological assessment tests
CKD patients were clinically evaluated by the clinical psychologist. The patients were subjected to a battery of neuropsychological test to assess memory and functional integrity. The standard questionnaire obtained would be translated into regional language (Tamil) and were subjected to validation.
For screening of cognitive status, CKD patients were administered with standardized MMSE according to the method of Cockrell and Folstein [21] . MMSE is a test of global cognitive function with components for concentration, orientation, language, praxis and memory. After conducting MMSE, WMS I was administered to measure different memory functions according to the method of Wechsler [22] . WMS I is made up of seven subtests such as spatial addition, symbol span, design memory, general cognitive screener, logical memory, verbal paired associates and visual reproduction. Person's performance were reported as five index scores such as auditory memory, visual memory, visual working memory, immediate memory and delayed memory. Then to assess executive functioning, Tower of London test were administered to all the groups according to the method of Riccio et al. [23] .
Blood collection and plasma preparation for determination of antioxidant parameters
After obtaining informed consent from subjects, blood samples was collected from all the experimental groups in after overnight fasting into standard vacuum tubes with lithium heparin, and plasma were removed after centrifuging at 3000 rpm for 10 min. The plasma aliquots were immediately used to determine antioxidant parameters.
Determination of plasma antioxidant enzymes
Both the enzymatic and nonenzymatic antioxidant parameters in plasma were determined by standard methods using spectrophotometrically. Superoxide dismutase (SOD, EC 1.15.1.1) was estimated by the method of Marklund and Marklund [24] . The result was expressed as Units/ml. Catalase (CAT, EC 1.11.1.6) was assayed by the method of Sinha [25] . The result was expressed as Units/L (one unit is the amount of enzyme that utilizes 1 μmol of hydrogen peroxide/min/ mg protein). Glutathione peroxidase (GPx, EC 1.11.1.9) was determined by the method of Rotruck et al. [26] . The result was expressed as Units/ L (one unit is the amount of enzyme that converts 1 μg GSH to GSSG in the presence of hydrogen peroxide/min/mg protein).
Determination of plasma GSH and LPO
Reduced glutathione (GSH) level in the plasma of all the groups was determined by the method of Moron et al. [27] . The amount of reduced glutathione was expressed as mg/dl. Lipid peroxidation (LPO) was determined using the method of Devasagayam and Tarachand [28] . The result was expressed as nmol of MDA formed/mg protein.
Determination of plasma Aβ (1-42) expression by Western blot method
Protein concentrations were determined in each sample according to Lowry method [29] , before the Western blot assay.
Western blotting
Determination Aβ (1-42) level in plasma was carried out as per the standard protocol. For each sample, 24 μg of protein was separated by electrophoresis in 12% polyacrylamide gels and transferred to nitrocellulose membranes. After block unspecific bindings with 5% non fat dry milk, membranes were incubated for overnight with the primary antibody Rabbit Anti Beta Amyloid (1-42) polyclonal (bs-0107R, BIOSS, USA). After an overnight incubation, membranes were then incubated for 2 h with goat Anti Rabbit IgG Antibody (H + L) labeled with horse radish peroxidase (bs-0295G-HRP, BIOSS, USA), after which the enhanced chemiluminescence (ECL) reagent was poured. Imaging was performed in GELSTAN 4× Chemi imaging system (Medicare scientific, India), which captures the chemiluminescence light emission from the reaction of the peroxidase conjugated antibody with ECL reagent. Light emission was continuously captured for 15 Min, and the densitometry of distinct bands was performed and quantified with specific software tools. As a control for detection of beta actin expression in plasma, Rabbit Anti beta actin polyclonal antibody (bs -0061R, BIOSS, USA) was used. Then the densities of bands from CKD with and without cognitive dysfunction groups were compared with healthy, normocytic normochromic and AD subjects.
Statistical analysis
The statistical analysis of the results were conducted using SPSS software version 21.0, the independent t-test and Analysis of variance (ANOVA) followed by Turkey's multiple comparison tests. The probability level < 0.05 (P < 0.05) were considered as significant. Results were expressed as Mean ± SEM. Urea (mg/dl), creatinine (mg/dl) and hemoglobin (g/dl) values are expressed as Mean ± SD. Fig. 1 shows the plasma superoxide dismutase (SOD) level in patients of CKD with and without cognitive dysfunction. The level was significantly decreased in patients of CKD with cognitive dysfunction like AD patients when compared to patients of CKD without cognitive dysfunction and normocytic normochromic anemia. In overall also, plasma SOD levels of above experimental groups were significantly decreased when compared with healthy subjects. Fig. 2 shows the plasma catalase (CAT) level in patients of CKD with and without cognitive dysfunction. The level was significantly decreased in patients of CKD with cognitive dysfunction like AD patients when compared to patients of CKD without cognitive dysfunction and normocytic normochromic anemia. In overall also, plasma CAT level of above experimental groups were significantly decreased when compared with healthy subjects like SOD. Fig. 3 shows the plasma Glutathione peroxidase (GPx) level in patients of CKD with and without cognitive dysfunction. The level was significantly decreased in patients of CKD with cognitive dysfunction like AD patients when compared to patients of CKD without cognitive dysfunction and normocytic normochromic anemia. In overall also, plasma GPx level of above experimental groups were significantly decreased when compared with healthy subjects like SOD and CAT. Fig. 4 shows the plasma reduced glutathione (GSH) level in patients of CKD with and without cognitive dysfunction. The level was significantly decreased in patients of CKD with cognitive dysfunction like AD patients when compared to patients of CKD without cognitive dysfunction and normocytic normochromic anemia. Like enzymatic antioxidant parameters, in overall also, plasma GSH level of above experimental groups was significantly decreased when compared with healthy subjects. Fig. 5(a) shows the plasma lipid peroxidation (LPO) level in patients of CKD with and without cognitive dysfunction. The level was significantly increased in patients of CKD with cognitive dysfunction like AD patients when compared to patients of CKD without cognitive dysfunction and normocytic normochromic anemia. In overall also, LPO level of above experimental groups were significantly increased when compared with healthy subjects. Fig. 5(b) shows representative Western blots illustrating bands of plasma amyloid β from healthy subjects, normocytic normochromic anemia, Alzheimer's disease, CKD with and without cognitive dysfunction groups. The plasma Aβ (1-42) expression was significantly increased in CKD patients with cognitive dysfunction like AD patients when compared to patients of CKD without cognitive dysfunction, normocytic normochromic anemia and healthy subjects.
Results
Plasma enzymatic and nonenzymatic antioxidants level
Plasma LPO level and amyloid β expression
Correlation between plasma LPO and Aβ42 expression
Cognitive dysfunction has been increasingly recognized in chronic kidney disease (CKD) patients. The major component of plaques is the amyloid β (Aβ) peptide released from proteolytic cleavage of amyloid precursor protein (APP). Oxidative stress is prevalent in CKD and it plays an important role in cognitive dysfunction. Increased oxidative stress leads to cause cleavage of APP and Aβ production. We examined relationship between plasma LPO levels and Aβ42 expressions. The linear regression analysis was carried out on a scatter plot of plasma LPO levels against Aβ42 expressions of the respective patients, and Pearson's correlation coefficient was determined. The significantly positive correlation found between plasma LPO levels and Aβ42 expression in patients with (Fig. 6A ) Healthy subjects (r = 0.962, P ≤ 0.0001), (Fig. 6B ) Normocytic normochromic Anemia (r = 0.9765, P ≤ 0.0001), (Fig. 6C) Alzheimer's disease (r = 0.9856, P ≤0.0001), (Fig. 6D ) CKD with cognitive dysfunction (r = 0.9713, P ≤0.0001), and (Fig. 6E ) CKD without cognitive dysfunction (r = 0.9706, P ≤ 0.0001).
Discussion
CKD is a serious and rapidly growing health problem in world wide. Neurological complications occur in almost all patients with severe CKD, potentially affecting all levels of the nervous system, from the central nervous system through to the peripheral nervous system. Cognitive dysfunction has long been recognized as complication of CKD [30] , and its prevalence is more than double compared to the general population and is dependent on the severity of CKD.
Mitochondria are an essential cause of ROS within most mammalian cells and the initial ROS obtained by one electron reduction of molecular oxygen is the superoxide anion (O 2 − *). Over 90% of ROS production by mitochondria can lead to oxidative damage to mitochondrial proteins, membranes and DNA, impairing the capability of mitochondria to synthesize adenosine triphosphate (ATP) and to carry out their wide range of intermediary metabolic functions, including the tricarboxylic acid (TCA) cycle, fatty acid oxidation, urea cycle, amino acid metabolism, heme synthesis and iron-sulfur (FeS) centre assembly that are vital to the regular process of most cells [31] . Many clinical studies have confirmed the key role played by Reactive oxygen species (ROS) in acute and chronic kidney diseases. Renal failure is frequently associated with oxidative stress, as levels of different markers including plasma F 2 -isoprostanes, advanced oxidation protein products and malonyldialdehyde (MDA) are increased in patients with varying degrees of renal function, including CKD patients [32] [33] [34] [35] [36] [37] .
In CKD patients enhanced ROS production is underlain mainly by inflammation, malnutrition and presence of endogenous stable oxidants in the uremic plasma [38, 39] . The kidney is greatly energetic and therefore relies heavily on aerobic metabolism for the production of ATP by oxidative phosphorylation. The decrease in molecular O 2 along the ETC within mitochondria is vital for renal cellular function, yet potentially devastating long-term effect. Studies show, the impaired mitochondrial respiration was recorded in CKD patients and deregulation of the mitochondrial respiratory machinery in CKD patients, closely associated with enhanced oxidative stress [40] . Uremic toxins especially uric acid may also be a source of oxidative stress in CKD patients directly through the activity of xanthine oxidoreductase. Malondialdehyde (MDA) is another end-product generated by lipid peroxidation and has been used to demonstrate increased oxidative stress during CKD.
Several studies show the importance of oxidative stress in the pathogenesis of cognitive impairment. Study also clearly demonstrates that oxidative stress damage occurs in patients with mild cognitive impairment (MCI) and some enzymatic markers of oxidative stress are similar in MCI and Alzheimer's disease (AD) patients, suggesting that oxidative damage could be one important aspect for the onset of severe cognitive impairment [41] . It is generally recognized that biological systems possess integrated responses to detect and control the various forms of stress. This is accomplished by a complex network of the socalled longevity assurance processes, which are composed of several genes termed Vitagenes and it produce molecules such as heat shock proteins, glutathione, bilirubin endowed with antioxidant and antiapoptotic activities [16, 17] . The antioxidant function of GSH is accomplished largely by GSH peroxidase (GPx)-catalyzed reactions, which reduce hydrogen peroxide and lipid peroxide as GSH is oxidized to GSSG. GSSG in turn is reduced back to GSH by GSSG reductase at the expense of NADPH, forming a redox cycle. Organic peroxides can also be reduced by GPx and GSH S-transferase. Catalase can also reduce hydrogen peroxide but it is present only in peroxisome. This makes GSH particularly important in the mitochondria in defending against both physiologically and pathologically generated oxidative stress. A diminished GSH content below the normal level may indicate the disturbance of cellular redox status and change in the redox dependent regulation of genes and the risk of oxidative damage. It has been shown that interruption in the regulation of GSH level is observed in a wide range of pathologies including neurodegenerative diseases. Studies also suggest that high lipid peroxidation and decreased antioxidant defenses may be present early in cognitive disorders [42] . In the present study, (Figs. 1, 2, 3 , & 4) both enzymatic (SOD, CAT, GPx) and non enzymatic antioxidant (GSH) parameters were decreased while LPO level and Aβ expression (Fig. 5a & b) were increased in plasma of patients of CKD with cognitive dysfunction like AD subjects when compared to CKD without cognitive dysfunction.
Studies show, increased oxidative stress leads to cause cleavage of APP and Aβ production [19, 20] . In this study (Fig. 6A , B, C, D & E), we observed significant positive correlation between plasma LPO levels and Aβ42 expression in subjects of all groups by Pearson's correlation coefficient analysis (P ≤ 0.0001, scatter plot analysis) and from this we demonstrate that the elevated plasma LPO level is associated with increased plasma Aβ42 expression. Based on literatures and the result from this study also, the increased oxidative stress may be one of the factors for cognitive dysfunction in CKD patients when compared to CKD without cognitive dysfunction.
Deposits of Aβ (39-43 amino acid sequence) are the characteristic pathological hallmarks of neurodegenerative disorder and the most common form of senile dementia. Aβ is released by the proteolytic cleavage of APP and aggregates to form oligomers and estimation of plasma Aβ is considered as a promising diagnostic tool for AD and cognitive impairment. In this study, the elevated plasma Aβ was observed in AD patients and this finding is consistent with previous studies that have demonstrated increasing level of the same [12] [13] [14] [15] . In the present study, the increased Aβ was found in plasma of CKD patients with cognitive dysfunction like AD groups when compared to CKD patients without cognitive dysfunction, normocytic normochromic anemic and healthy subjects. Studies show that oxidative stress and Aβ production are proportionally linked to each other because Aβ induces oxidative stress in vivo and in vitro [19] , and oxidative stress increases the production of Aβ by proteolytic cleavage of APP [43, 44] and Methionine 25 has been critical residue in Aβ (1-42) mediated oxidative stress [45] . In this study, increased Aβ in plasma may be due to increased level of LPO in CKD subjects with cognitive decline. Study in animal models also shown increased LPO precedes amyloid plaque formation in a mice model of Alzheimer amyloidosis [46] . Some studies also shown abnormal and increased plasma Aβ levels seen in patients associated with cognitive decline and dementia [9] [10] [47] [48] .
Conclusion
In the present study, we demonstrated that decreased enzymatic, nonenzymatic antioxidant parameters while increased LPO level were seen in plasma of CKD patients with cognitive dysfunction when compared to other groups. Abnormal increased expression of Aβ was also seen in same trend. In conclusion, based on results from this study, we proved that abnormal plasma Aβ expression along with altered enzymatic and nonenzymatic antioxidant status are also the factors for cognitive decline in CKD patients apart from the accumulation uremic toxins. This determination is a good diagnostic accuracy for the identification and confirmation of cognitive decline in CKD patients. Among the cellular pathways conferring protection against oxidative stress, a key role is played by vitagenes, which include HSPs Heme oxygenase-1 (HO-1) and HSP70, as well as thioredoxin/thioredoxin reductase system. In future, analysis of those genes may also provide therapeutic benefit in oxidative stress associated cognitive dysfunction in CKD patients.
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